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At the International Linear Collider (ILC), measurement of the beam profile at the 
interaction point (IP) is a key issue to achieve high luminosity. We studied the beam size 
measurement by combination of Pair Monitor and BeamCal. We obtained measurement 
accuracies of 2.7%, and 6.6% for the horizontal (cr x ), and vertical (a y ) beam sizes, 
respectively, for 50 bunch crossings. 

1 Introduction 

In the ILC, measurement of the beam size at IP is important to keep high luminosity because 
the luminosity critically depends on beam size. Since the vertical beam size is very small 
(5.7 nm), it must be measured with in 1 nm accuracy. We have studied measurement of the 
beam profile with Pair Monitor [H [2] and BeamCal. Since the beam energy and the particle 
density is high at ILC, a large number of e + e~ pairs are created during the bunch crossing 
by three incoherent processes; Brcit- Wheeler process, Bethe-Heitler process and Landau- 
Lifshitz process. The generated e pairs are usually referred to as the pair background. 
The particles with the same charge as the oncoming beam arc scattered with large angles 
and carry information on the beam profile at LP [3]. 

Pair Monitor and BeamCal offer the independent information, and combining them re- 
sults in better measurement accuracies. In this paper, we report a reconstruction of the beam 
sizes (a x ,(7 y ) using the Taylor matrixes and present the expected measurement accuracies. 
The beam profile can be reconstructed by measurement of the aimuthal hit distribution of 
scattered e + e~ pairs by Pair Monitor and the energy deposit in BeamCal. 

2 Simulation 

The performance of Pair Monitor and BeamCal was studied, using the geometry of the GLD 
[4] scaled to match with 3.5 Tesla and a simulation package Jupiter [5]. The pair background 
was generated by CAIN [6]. BeamCal was located at 430 cm from IP, and Pair Monitor 
was located in front of BeamCal. Solenoid field (3.5T) with the anti-DID (reversed Detector 
Integrated Dipole) was used for the magnetic field. BeamCal is a cylinder of 18 cm radius, 
which consists of 33 layers of 3.5 mm thick tungsten for the absorber and 0.3 mm thick 
silicon for the sensor. Pair Monitor is a silicone disk of 10 cm radius and 200 fim thickness. 
There are two holes on Pair Monitor and BeamCal whose radius are 1.0 cm and 1.8 cm for 
the incoming and outgoing beams, respectively. 

In this study, the nominal beam sizes are 639 nm and 5.7 nm for the horizontal and 
vertical beam sizes, respectively, as the nominal beam size. The center of mass energy is set 
to 500 GeV with the beam crossing angle of 14 mrad. 
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3 The measurement variables 



3.1 Measurement variables of Pair Monitor 
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Figure 1: R shl vs. a x 
order polynomials, 
larger a x . 
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The maximum radius of hit reflects the maxi- 
mum transverse momentum of the pairs, which 
in turn is given by the electromagnetic fields of 
the oncoming beam. Since the vertical beam size 
is much smaller than the horizontal beam size, 
the maximum electromagnetic field is inversely 
proportional to the horizontal beam size. We 
defined the shoulder of the radial distribution 
(R s hi) as the radius to contain 97.5% of all the 
hits. Figure Q] shows R s m as a function of the 
horizontal beam size for several vertical beam 
sizes. As expected, R s hi decreases for larger hor- 
izontal beam size. 

The azimuthal scattering angle of the pairs at 
the bunch crossing would depend on the horizon- 
tal to vertical aspect ratio of the bunch, which 

would then affect the azimuthal distribution of the hit density on Pair Monitor. We thus 
studied the distribution of the hit density as a function of the radius from the center of the 
extraction beam pipe (R) and the angle around it (<f) . We define Nq as the number of hits 
in — 7r < < —2.0 radian and 2.8 < <fi < ir radian for 0.6 • R s hi < R < 0.8 • R s hi- In order to 
derive the beam information from the azimuthal distribution, we compared Nq to the total 
number of hits (N a u). No/N a u decreases for larger horizontal and vertical beam sizes. 

The total number of the hits on Pair Monitor, 
N a u, reflects the luminosity which is inversely 
proportional to the vertical and horizontal beam 
size. Since the total number of the pair back- 
grounds are nearly proportional to luminosity, 
the number of all the hits on Pair Monitor is 
inversely proportional to the vertical and hori- 
zontal beam sizes. 



3.2 Measurement variables of BeamCal 

We also investigated the measurement variables 
related to BeamCal. We defined the average ra- 
dius (Rave) as follows: 



Horizontal beam s 



= 639 [nm] 
= 798.75 [nm] 
= 958.5 [nm] 
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Figure 2: 1/Ed e p a „ vs. a y fitted with 
second-order polynomials. l/Ed ePall in- 
creases for larger a x and a y . 
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(1) 



where Ed epi means the energy deposit and Ri is 

the radius from the center of the extraction beam pipe of the «-th cell. R a 
larger horizontal beam size similar to R s hi of Pair Monitor. 



decreases for 
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The total energy deposit on BeamCal, Ed e p aU , reflects the luminosity similar to N a u in 
the case of Pair Monitor. Figure [5] shows l/Ed ePall as functions of the vertical beam size for 
several horizontal beam sizes. l/£ , £ j ePaii is proportional to the beam size. 

4 Reconstruction of beam sizes 

We reconstructed the beam sizes from the hit distribution of the pair backgrounds on Pair 
Monitor and the energy deposit in BeamCal. Five measurement variables (R s m, No/N a u, 
l/N a u, R ave and l/Ed ePall ) arc used for the reconstruction. These measurement variables 
{rrii, i=l, 2, ■ • • , 5) should depend on the beam sizes (a x ,a y ), they can be expanded around 
the nominal beam sizes (ct°, ct°) by the Taylor series. Since these measurement variables 
are fitted with second-order polynomials in this study, and rrii are expanded up to the 
second-order as follows: 

Am = m(a x ,a y ) - m(a x ,a y ) 

Edm \ - v - 1 d 2 m 

= [Ax + Aa T ■ A a ] ■ Act, (2) 

where m = (mi,--- ,m 5 ), Act = (Aa x , Aa y ), Aa a = a a — ct°, and ^! is a 5x3 matrix 
of the first order coefficients of the Taylor expansion and A 2 is a tensor of the second 
derivative coefficients. The beam size is reconstructed by multiplying the inverted matrix 
of a coefficient of Act in Equation ([2]) as follows: 

Act = [A t + Act t • A 2 ] + ■ Am, (3) 

where the superscript "+" indicates the Moore Penrose inversion which gives the inverse 
matrix of a non-square matrix A as A + = (A T A)~ 1 A T [7j. 

We obtain the numerical values of the matrix (Ai) and the tensor (A 2 ) of Equation 
by fitting the data by second-order polynomials. The beam sizes at IP is then reconstructed 
by the inverse matrix method as shown Equation Q , where it is solved itcratively as follows 

Act„ = [Ai + Aa^Aa] + ■ Am (4) 

The iteration was repeated until consecutive iterations satisfied (Act„ — Act„_i) /Act„ < 1%. 

Figure [3] shows the relative deviations of the reconstructed vertical beam size from the 
true beam size for 50 bunch crossings which are measured by BeamCal, Pair Monitor, and 
combination with them. The 95% C.L. intervals for these distributions were 13.4%, 8.6%, 
and 6.6%, respectively. On the other hand, we obtained the 95% C.L. intervals of 4.4%, 
3.3%, and 2.7% for the horizontal beam size. From these results, we conclude that the 
measurement accuracies for the vertical and horizontal beam size are 6.6% and 2.7% with 
Pair Monitor and BeamCal. 

5 Conclusions 
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We studied a technique of beam size mea- 
surement with the Pair Monitor and Beam- 
Cal. The method utilizes the second-order 
inversion of the Taylor expansion. Five 
measurement variables were used to recon- 
struct the beam sizes(a x , a y ), and the ma- 
trix elements of the expansion were ob- 
tained by fitting with second-order poly- 
nomials of the beam sizes. The combined 
measurement with the BeamCal and Pair 
Monitor produces better accuracies than 
that with only one of them. The measure- 
ment accuracies of the horizontal and verti- 
cal beam sizes for 50 bunch crossings were 
found to be 2.7% (17.3 nm) and 6.6% (0.38 
nm), respectively. 
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